Summary. Dogs with an electromagnetic flowprobe implanted around the superior pancreaticoduodenal artery and with an hydraulic occluder implanted upstream from the flowprobe were examined between the 3rd and the 8th postoperative day. During an oral glucose load, blood flow increased from the beginning of administration to about 25 minutes, but not when blood glucose and plasma IRI exhibit their maxima. The rise of pancreatic blood flow is assumed to be produced by reflexes similar to those stimulating insulin secretion and exocrine pancreatic function during the early phase of an oral glucose load.
A transient dose-dependent increase of pancreatic blood supply after intravenous injection of glucose has been demonstrated by several methods: hydrogen gas clearance [23] , venous outflow monitoring [15, 20] , and electromagnetic measurement [5, 11] . Such investigations have, however, not been done during an oral glucose load.
On the other hand pancreatic blood flow is correlated with pancreatic secretion of water and of enzymes [1, 9, 13, 14, 24] . Thus, redistribution of splanchnic blood flow after feeding is well known [14, 21, 22] . Insulin secretion however, is obviously independent of blood flow in the physiologic range of a diminished [16, 17, 20] or of an elevated [5, 19] pancreatic perfusion. Some insulinogenic reflex independent of hyperglycemia has been shown in dogs after an oral glucose load [4] . Therefore the experiments reported here are to investigate pancreatic blood flow during an oral glucose tolerance test in conscious dogs and the relation of any blood flow alteration to hyperglycemia and to insulin secretion.
Material and Methods

Animals and Preparation
4 trained Alsatian dogs (mean age 30 months, body wt. 31 kg) were used. They were fed once a day with 1000 g cooked beef plus 500 g bread [4] .
After a median laparotomy under intubation anaesthesia, implantable electromagnetic flowprobes of an appropriate inner diameter (2.2-2.5 mm) were placed around the superior pancreaticoduodenal artery and secured with a slot-cover. Flow through this artery was demonstrated to supply about 60% of the pancreatic wet weight and to pass to other organs (pyloric and duodenal mucosal) at less than 5% [6] . For zero-flow adjustment, a self-constructed hydraulic occluder was placed in the hepatic artery about 5 cm upstream from the flowprobe.
It was also secured with a slot-cover. The occluding device made from plastics in the form of a flowprobe (wt. 2 g) contains a teflon piston which is pushed from the outside via a tube filled with saline.
The nervous plexuses around the artery were carefully separated without any cutting, and the flowprobe introduced between the plexus and the artery. Both the cable of the flowprobe and the occlusion tubing were led through the abdominal cavity without any additional fixation. Via a subcutaneous channel on the left side they reached the back between the scapulae. Their extremities were secured in a skin-penetrating plastic capsule with a metallic grip.
The dogs had their usual feeding regime again after the 1st postoperative day. They were sufficiently recovered and could be used for experiments from the 
Experiments and Measurements
20 h after the last meal the animals standing in a Pavlov frame were loaded with 1.0 g/kg glucose, dissolved in 50 ml tap water, orally (2 or 3 experiments in each implanted animal; duration of feeding 2 min) or with 0.5 g/kg glucose intravenously as a 50 w/v % solution (2 experiments in each animal). Blood flow of the superior pancreaticoduodenal artery was continuously monitored by a square-wave electromagnetic flowmeter (Nycotron A/S, Drammen, Norway). The flowprobes were calibrated in vivo. Controls of the appropriate adjustment for zero flow were repeatedly made before and during the tests. For demonstrating the results as a mean, the data were taken from selected points of the recordings. After oral glucose administration the peripheral venous concentration of blood glucose was measured with glucose oxidase using o-dianisidine as a colour reagent, and plasma immunoreactive insulin activity (IRI) was estimated according to the back titration principle after alcohol precipitation (for the methods cf. 4). The mean + SEM of the measured values is given in the figures. For evaluating statistical significance the t-test was used (p < 0.01).
Results
When glucose was given orally (Fig. 1) blood glucose was significantly raised only after 15 min, and reaching a peak after 50 rain with a concentration difference of about 40 mg/100 ml. Nevertheless, plasma IRI was significantly raised after 2.5 min with several peaks before reaching a maximum at 40 to 60 min. These reactions do not differ from those in animals which were not actually operated on [4] . In all tests, blood flow through the superior pancreaticoduodenal artery started to increase immediately after the first swallowing of the glucose solution. In 3 tests on one animal, basal flow levels were reached again, but only transiently during the 5 min after'the end of administration. After this, a further significant elevation was observed. Blood flow in each individual test was elevated by 15 to 30% (p < 0.01) between 5 and 20 min. This is significantly earlier than the peaks of blood glucose and of plasma IRI. Blood flow started to normalize before blood glucose and IRI reached their maxima, and was normal after 55-70 min when both the other parameters were still elevated. In Figure 2 the observations on these conscious postoperative animals are compared with those on 18 anaesthetized, laparotomized dogs (mean age 26 + 3 months, body wt. 25 _+ i kg, mean duration of anaesthesia 190 min) previously published [5] . The mean basal flow through the superior pancreaticoduodenal artery was identical in conscious and in anaesthetized animals (50 to 60 ml/min). Rapid elevation of blood glucose to about 300 rag/100 ml by intravenous injection of glucose was accompanied by an elevated pancreatic blood flow normalizing within 30 min. There was no difference in the reaction between the conscious implanted animals and the acutely laparotomized dogs.
Any systematic alteration of pancreatic blood flow as well as any strong dependence on the position of the animals and on exercise were excluded by a long-term continuous recording during the operation and in the immediate postoperative period. When comparing the individual tests there is no trend to diminish or to increase the basal flow levels or the responses to oral or to intravenous glucose in relation to time.
Discussion
Our observations demonstrate that pancreatic blood flow is increased when blood glucose is rapidly raised by intravenous administration of glucose. Peripheral vasodilatation seems to be a physiologic reaction to intravascular which is probably not specific for the pancreas [5, 11, 15, 20, 23] . It occurs equally in anaesthetized laparotomized dogs as well as in conscious implanted animals (Fig. 2) . Thus our results in the latter group are assumed to be correct.
After oral glucose administration, plasma IRI rose during the first phase independently of any metabolic insulinogenic stimulus. This seems to be released by some reflex part of the enteroinsular axis [4] . Pancreatic blood flow also increased during this early phase (Fig. 1) . In contrast to the extreme hyperglycemia of the intravenous glucose load, there was no relation of pancreatic blood flow to the small and more physiologic hyperglycemia of an oral glucose test.
Pancreatic vasodilatation is known to be produced by several agents stimulating exocrine volume and enzyme secretion [1, 12, 24] , especially by the gastrointestinal hormones secretin, gastrin, and pancreozymin-cholecystokinin [3, 8, 12] . Blood concentration of these gastrointestinal hormones is, however, not measurably increased during an oral glucose test (review: 2). Therefore, the early increase of pancreatic blood flow during such a test is assumed to be produced by a vagally mediated vasodilatation, as in the case of increased insulin secretion and exocrine pancreatic activity [7] . This would be consonant with pancreatic hyperemia after cholinergic stimulation [9, 10, 12, 24] .
A primarily increased pancreatic blood flow can probably stimulate the volume secretion if a basal level of secretin is present [18] . But there is no alteration of insulin secretion when pancreatic blood flow is primarily increased by non-insulinogenic stimuli (5: intravenous infusion of mannitol). In the experiments reported here, IRImaxima were not related to the peaks of pancreatic blood flow. This suggests that increased pancreatic perfusion is not one of the mechanisms stimulating insulin secretion after an oral glucose test.
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